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ABSTRACT: The objective of this study was to evaluate the antioxidant capacity of Lactobacillus plantarum ZLPOOl and its effects 
on growth performance and antioxidant status in weaning piglets. The survival in hydrogen peroxide and free radical-scavenging activity 
of Lactobacillus plantarum ZLPOOl were analysed in vitro. The Lactobacillus plantarum ZLPOOl showed high viability in 1.0 mmol/L 
hydrogen peroxide and high scavenging ability against hydroxyl, superoxide anion, and DPPH (l,l-diphenyl-2-picrylhydrazyl) radicals 
which was dose dependent. Ninety-six weaning piglets were selected (7.45±0.79 kg) and divided into three groups comprising of 
negative control without any supplementation, treatment group with supplemented 6.8x10^ Lactobacillus plantarum ZLPOOl CFU/g of 
diet, and positive control with antibiotic treatment (chlorotetracycline, 80 mg/kg diet). The results showed that Lactobacillus plantarum 
ZLPOOl supplementation enhanced feed conversion rates in piglets compared with control (p<0.05). Supplementation of Lactobacillus 
plantarum ZLPOOl increased the concentration of superoxide dismutase (p<0.05), glutathione peroxidase (p<0.01) and catalase in serum 
(p<0.10), while decreased the concentration of malondialdehyde (p<0.05). The present study implies that the strain Lactobacillus 
plantarum ZLPOOl had high antioxidant ability and its supplementation improved the growth performance and antioxidant status of 
weaning piglets, so it can be considered useful to alleviate oxidative stress and increase productive performance of pigs. (Key Words: 
Probiotic, Antioxidant Capacity, Weaning Piglet) 



INTRODUCTION 

Piglets are faced with many new stressors during the 
post-weaning period which can lead to risk of diarrhea, 
reduced growth rate, changes in gut morphology and 
microbiology, and increased susceptibility to disease and 
death (Hampson, 1994). Many studies have shown that 
direct-fed Lactobacillus preparation plays an important role 
in the improving of gut microflora balance and 
consequently in the better health condition of piglets. The 
functional effects of Lactobacillus such as protection 
against infections, stimulation of immune system, reduction 
of incidence of diarrhea, and improvement of production 
performance have been demonstrated in many studies 
(Ouwehand et al., 2002; Koninkx and Malago, 2008). 

Several in vivo studies have demonstrated that some 
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Lactobacillus strains can improve the antioxidant status of 
rats and humans (Kaizu et al., 1993; Kullisaar et al., 2003). 
Therefore, many investigations have focused on antioxidant 
properties of lactic acid bacteria and their role in health and 
disease recently (Ito et al., 2003; Kim et al., 2006). There 
are only few studies about the effects of Lactobacillus on 
the antioxidant status of pigs (Wang et al., 2009), especially 
on weaning piglets. However, it is known that an 
abnormality in the antioxidant defence system can increase 
the susceptibiUty of pigs to stress, resulting in decreased 
performance and reduced immune function (Duthie et al., 
1989; Lauridsen et al, 1999). 

The main objective of this study was to estimate the 
viabiUty in hydrogen peroxide and the free radicals 
scavenging ability of Lactobacillus plantarum ZLPOOl 
isolated from gastrointestinal mucosa of a healthy weaning 
piglet. In addition, the effects of this Lactobacilli strain on 
weaning piglet production performance and oxidant status 
were also determined. 
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MATERIALS AND METHODS 

Bacterial strain 

A probiotic lactic acid bacterial strain, Lactobacillus 
plantarum ZLPOOl was originally isolated from the 
gastrointestinal tract of a healthy weaning piglet in our 
laboratory. The strain was identified through standard 
morphological, biochemical and physiological tests, and by 
16s rRNA gene sequence analysis by the China Center of 
Industrial Culture Collection (Beijing, China). Stock 
cultures in MRS broth were mixed with 20% of sterihzed 
glycerol (v/v) at a concentration of 4: 1 and stored at -80°C. 

Resistance to hydrogen peroxide 

The Lactobacillus plantarum ZLPOOl (concentration of 
10^ CFU/ml) was incubated with 1.0 mmol/L hydrogen 
peroxide at 37°C. The hydrogen peroxide concentration was 
determined by spectrophotometer at 230 nm absorption 
using the molar extinction coefficient for hydrogen 
peroxide. At 30-min time intervals, the aliquots were 
removed and plated onto MRS plates after serial ten-fold 
dilution and the number of viable cells was estimated. All 
plates were incubated at 37°C for 48 h. The effect of 1.0 
mmol/L hydrogen peroxide on the survival of Lactobacillus 
plantarum ZLPOOl was tested at 30-min time intervals 
within 240 min. 

Determination of scavenging capacity 

The scavenging activities of Lactobacillus plantarum 
ZLPOOl was tested against the hydroxyl radical, superoxide 
radical, and DPPH. To this aim the Lactobacillus plantarum 
ZLPOOl cells were harvested after 20 h of incubation. The 
bacterial cells were washed three times with isotonic saline 
and re-suspended in 0.9% NaCl. The bacterial counts in the 
cell pellet were adjusted to 10^ 10^, 10^ and lO' CFU/ml. 

The scavenging capacity of hydroxyl radical was 
estimated according to the method of de Avellar et al. 
(2004) modified as follows: 1 ml of 1,10-phenanthroline 
(0.75 mmol/L), 2 ml of phosphate buffer (pH 7.4) and 1 ml 
of FeS04 (0.75 mmol/L) were thoroughly mixed. Then, 1 
ml of hydrogen peroxide (0.12%) and 1 ml of the 
Lactobacillus plantarum ZLPOOl intact cells were added. 
The mixture was incubated at 37°C for 90 min, and the 
absorbance was measured at 536 nm. The scavenging 
ability was measured as follows: (As-Ac)/(Ai,-A<;)xlOO; 
where A^ represents the absorbance of the sample; 
represents the absorbance of the control solution including 
1,10-phenanthroUne, FeS04, and hydrogen peroxide; A|, 
represents the absorbance of the blank solution including 
1,10-phenanthroline and FeS04. 

The assessment of the scavenging capacity of 
superoxide anion radical by Lactobacillus plantarum 



ZLPOOl was carried out according to the methods of Zhao 
et al. (2003) modified as follows: the Tris-HCl buffer (1 
mol/L, pH 8.2, including 0.1 mmol/L EDTA) 3 ml and 
Lactobacillus plantarum ZLPOOl intact cells 1 ml were 
mixed and incubated for 25 min in 25 °C water bath. Then, 
40 |Lil of 45 mmol/L pyrogallol preheated at 25 °C was added. 
The controls included only Tris-HCl buffer and deionized 
water. The absorbance of the sample and control were 
measured at 325 nm every 30 s for 5 min. The scavenging 
activity was measured as follows: (AAo-AA)xlOO/AAo; 
where AAq and AA are the speed of pyrogallol autoxidation 
before and after the addition of the sample and deionized 
water, respectively. 

The scavenging of DPPH by Lactobacillus plantarum 
ZLPOOl was analyzed by a modified method utihzed by 
Shimada et al. (1992). Eight tenths of a milliliter of intact 
cells and 1 ml of freshly prepared DPPH solution (0.2 
mmol/L in ethanol) were mixed and reacted in the dark for 
30 min. Blank samples contained deionized water. The 
scavenged DPPH was then monitored by measuring the 
decrease in absorbance at 517 nm after centrifugation at 
6,000 g for 10 min. The scavenging ability was defined as 
follows: (1-A5i7(sample)/A5i7(blank))x 100. 

In vivo assessment of antioxidant effects in weanii^ 
piglets 

Ninety-six piglets (LandrancexYorkshire, 48 males and 
48 females) with 7.45±0.79 kg initial body weight (BW) 
were selected from Beijing Jingdongyu Farm (Beijing City, 
China). The pigs were weaned at 28 d of age and randomly 
allotted to three groups by initial BW. Four replicates per 
treatment were made and eight pigs per pen were allocated. 
Each pen was 1.65x1.45 m^ with mesh floor, a feeder and a 
water nipple. The pig barn was maintained at 25 to 28°C. 
All pigs had free access to feed and water throughout the 4- 
wk feeding trial. The basal diet mainly contained maize and 
soybean meal, and the nutrient contents met or exceeded 
nutrient requirements recommended by NRC (1998). The 
dietary treatments consisted of the basal diet with no 
additive served as a negative control, the basal diet with 
antibiotic (chlorotetracycline, 80 mg/kg diet) served as a 
positive control, and the basal diet with freeze dried 
Lactobacillus plantarum ZLPOOl at 6.8x10^ CFU/g of diet. 
Details on the ingredient composition and chemical analysis 
of the diets are shown in Table 1. 

Piglets were weighed and the feed intake per pen was 
recorded every week in order to calculate the average daily 
weight gain, average daily feed intake, and feed conversion 
ratio. At the end of the experiment, blood was collected 
from four pigs per pen (pig closer to the average weight of 
the pen) by anterior vena cava puncture using 10-ml 
anticoagulant-free vacutainer tubes. The serum was 
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Table 1. Ingredient and composition of tlie basal diet 



Ingredients (g/kg) 



Corn 


600 


Soybean meal 


150 


Extruded soybean 


60 


Fish meal 


50 


Wheat bran 


50 


wney 




Premix* 


40 


Chemical compositions 




Digestible energy' (MJ/kg) 


13.76 


Crude protein^ (g/kg) 


182.9 


Lysine^ (g/kg) 


11.8 


Methionine^ (g/kg) 


4.2 


Calcium^ (g/kg) 


9.8 


Total phosphorus^ (g/kg) 


7.4 



* Each kg of complete feed contains: vitamin A, 11,000 lU; vitamin D3, 
2,850 lU; vitamin E, 64 mg; menadione, 2.3 mg; riboflavin, 6.6 mg; 
pantothenic acid, 13.5 mg; niacin, 30 mg; vitamin B12, 0.045 mg; Mn, 55 
mg; Fe, 150 mg; Zn, 120 mg; Cu, 100 mg; I, 0. 5 mg; Se, 0.3 mg. 

' Calculated nutrient levels. ^ Measured nutrient levels. 



separated by centrifugation at 3,000 g for 10 min, and was 
stored at -20°C until specific antioxidant indexes analysis. 

Total superoxide dismutase, glutathione peroxidase, 
malondialdehyde, and catalase were deterniined using assay 
kits supplied by Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China) according to the manufacture's 
instructions. The superoxide dismutase activity was 
measured by the xanthine oxidase method. The glutathione 
peroxidase activity was determined by measuring the 
reduction of glutathione. The content of malondialdehyde 
was determined with 2-thiobarbituric acid. The catalase 
activity was determined by measuring the intensity of a 
yellow complex formed by molybdate and hydrogen 
peroxide at 405 nm after ammonium molybdate was added 
to terminate hydrogen peroxide degradation, which is 
catalysed by catalase. 

Statistical analysis 

Statistical analysis of the obtained data was carried out 
using the PROC General Linear Model procedure of SAS 
(1997). In the in vitro assessment, the results were 
expressed as the mean and standard deviation of three 
determinations. In the in vivo experiment, the pen was 
considered the experimental unit. Differences among means 
were tested using Tukey's test and probability of p<0.05 
was used to denote significance. 

RESULTS 

Effect of hydrogen peroxide on the survival of 
Lactobacillus plantarum ZLPOOl 

As showed in Figure 1, the survival of Lactobacillus 
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Figure 1. Survival of Lactobacillus plantarum ZLPOOl in the 
presence of hydrogen peroxide. Error bars indicate the standard 
deviation of three determinations. 

plantarum ZLPOOl decreased along with the incubation 
time, however Lactobacillus plantarum ZLPOOl still 
maintained over 95% of the original viable cell numbers 
after 240 min of incubation (8.46 vs 8.11 log CFU/ml at 0 
and 240 min, respectively). 

Free radical scavenging activities of Lactobacillus 
plantarum ZLPOOl 

The scavenging activities of Lactobacillus plantarum 
ZLPOOl against the hydroxyl radical, superoxide radical, 
and DPPH are shown in Figure 2. It can be seen that the 
free radical scavenging activity of Lactobacillus plantarum 
ZLPOOl against all three radicals increased in dose- 
dependent manner. In particular, Lactobacillus plantarum 
ZLPOOl exhibited obvious inhibitory effects especially on 
the generation of the hydroxyl radical (83.6% of scavenging 
activity) and superoxide radical (78.5% of scavenging 
activity) with the lO' CFU/ml concentration. For the DPPH 
radical, Lactobacillus plantarum ZLPOOl showed lower 
scavenging activity than the other two radicals. Only 51.1% 
scavenging activity was exhibited at lO' CFU/ml and 
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Figure 2. Scavenging activities of Lactobacillus plantarum 
ZLPOOl on hydroxyl radical, superoxide radical, and 1,1- 
diphenyl-2-picrylhydrazyl (DPPH) radical. Error bars indicate the 
standard deviation of three determinations. 
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almost no scavenging activity at 10'' CFU/ml. 

Effect of lactobacillus plantarum ZLPOOl on growth 
performance of weaning piglets 

The effects of dietary Lactobacillus plantarum ZLPOOl 
supplementation on growth performance of weaning piglets 
are shown in Table 2. Over the 4 wks feeding trial, piglets 
of antibiotic and probiotics groups were consumed higher 
feeds than no additive group (p<0.05). The piglets received 
diets containing Lactobacillus plantarum ZLPOOl 
supplements had the same daily weight gain compared with 
the antibiotic group (p>0.05) and significant higher than no 
additive group (p<0.05). The feed conversion ratio in 
probiotic and antibiotic group were significantly lower 
(p<0.05) than those of no additive group. 

Effect of Lactobacillus plantarum ZLPOOl on antioxidant 
status in piglets serum 

The effects of Lactobacillus plantarum ZLPOOl 
supplementation on antioxidant enzyme activity and 
malondialdehyde levels in serum of piglets are shown in 
Table 2. The activity of superoxide dismutase and 
glutathione peroxidase in Lactobacillus plantarum ZLPOOl 
supplementation was significantly higher (p<0.05 and 
p<0.01, respectively) compared with antibiotic and no 
additive treatments. The malondialdehyde concentration 
was significantly decreased (p<0.05) for pigs fed 
Lactobacillus plantarum ZLPOOl compared with pigs fed 
no additive feed. There were no significant differences 
(p>0.05) among the treatments regarding the activities of 
catalase in serum of piglets. 

DISCUSSION 

Lactobacillus plays significant role in the natural 
microflora of the pig intestinal tract. They create a healthy 
balance between beneficial and potentially harmful 



microorganisms in the gut ecosystem when they are present 
in sufficient numbers. The use of these cultures in pig diets 
is desirable for their potential probiotic effects. 

The Lactobacillus plantarum ZLPOOl had high viability 
in the presence of 1.0 mmol/L hydrogen peroxide. In the 
present study, the cells were viable exceed 95% after 240 
min of incubation. It was not unexpected that Lactobacillus 
cells have high viability in hydrogen peroxide, because 
hydrogen peroxide is one of the antimicrobial compoimds 
produced by Lactobacilli when it plays a role in the 
gastrointestinal tract (Ouwehand and Vesterlund, 1998). Our 
result was similar with the findings of Wang et al. (2009) 
who found that over 90% of Lact. fermentum cells were 
viable after incubation in an environment of 1.0 mmol/L 
hydrogen peroxide. However, other researchers also found 
that Lactobacilli have high viabiUty only 180 min in the 
presence of 1.0 mmol/L hydrogen peroxide (Kullisaar et al., 
2002). The reason for this discrepancy may be due to 
differences of Lactobacillus strains used or the initial 
number of Lactobacillus. 

According to free radical chain reaction proposed by 
Farmer et al. (1942), free radicals formed in the process of 
incomplete reduction of oxygen can attack and damage 
biological molecules. The consequences of a free radical 
chain reaction can result in serious damage to living 
organisms. The production of free radicals and many 
diseases are closely related (Halliwell and Gutteridge, 1984; 
Halliwell and Gutteridge, 1989). Therefore, the ability of 
Lactobacillus plantarum ZLPOOl to scavenge hydroxyl, 
superoxide, and DPPH radicals were determined in this 
study. The Lactobacillus plantarum ZLPOOl showed 
significant abihty to scavenge the hydroxyl, superoxide, and 
DPPH radicals and supported previous findings on 
scavenging ability of Lactobacillus to free radicals in vitro 
(Lin and Chang, 2000; Kullisaar et al., 2002). The effect of 
scavenging on these three radicals were all showed to be 
dose dependent, in fact with the concentration of 10^ 



Table 2. Effect of Lactobacillus plantarum ZLPOOl supplementation on growth performance of weaning piglets and superoxide 
dismutase, glutathione peroxidase, malondialdehyde, and catalase concentrations in the serum 



Dietary treatment 



Parameters 



No additive 



Antibiotic 



Lactobacillus plantarum ZLPOOl 
(6.8x10^ CFU/g of diet) 



SEM* 



p value 



Growth performance 

Average daily feed intake (g/d) 612'' 

Average daily gain (g/d) 381* 
Feed conversion ratio 1 .61^ 

Antioxidant status 

Superoxide dismutase (U/ml) 112.9*' 

Glutathione peroxidase (U/ml) 40 1 .5" 
Malondialdehyde (nmol/ml) 6.23^ 
Catalase (U/ml) 5.16 



651=' 

1.55" 

122.2'' 
432.1" 
5.49* 
5.71 



660" 
436" 
1.51" 

139.8" 
489.2" 

4.10" 
6.06 



13.1 
10.2 
0.019 

5.52 
7.15 
0.482 
0.386 



0.035 
0.022 
0.017 

0.043 
0.007 
0.025 
0.092 



' Standard error of the mean. ' Means with different superscript within the same row differ significantly (p<0.05). 
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CFU/ml consistently exhibiting the highest and with the 
concentration of 10* CFU/ml consistently exhibiting the 
lowest scavenging ability. This tendency was consistent 
with studies by Wang et al. (2009) using Lact. Fermentum. 

The in vitro studies for evaluating Lactobacillus 
antioxidant properties are far from the requirements in 
practice. The strain for the in vivo trial was selected 
primarily for the survival in environment of hydrogen 
peroxide and free radical scavenging activities. In this study, 
the selected Lactobacillus plantarum ZLPOOl showed high 
viability in hydrogen peroxide and high free radical 
scavenging ability. Therefore, the in vivo trial was carried 
out to estimate the effects of Lactobacillus plantarum 
ZLPOOl supplementation in weaning piglets. It was 
demonstrated that weaning in piglets is related to oxidative 
stress (Sauerwein et al., 2007). This stress can result in 
reduced performance and increased susceptibility to disease 
and death (Hampson, 1994; Cromwell, 2002). In this study, 
Lactobacillus plantarum ZLPOOl supplementation group 
showed significant higher productivity effect compared 
with the control group. These results indicated that in terms 
of feed consumption, the probiotic groups consumed 2.3% 
and 6.1% less than the antibiotic group and no additive 
group to achieve the same weight respectively. Similar 
observations were obtained by Francisco et al. (1995) and 
Chang et al. (2001) that selected probiotic strains had 
increasing effect on feed conversion rate in piglets. This 
may be partly owing to the antioxidative effect of 
Lactobacilli strains that alleviating the oxidative stress of 
weaning piglets. 

The antioxidant systems in the body including 
numerous antioxidant enzymes (i.e. superoxide dismutase, 
glutathione peroxidase, and catalase) that are employed to 
protect the body from oxidative stress (Zhan et al., 2006). 
The superoxide dismutase enzyme is used to ending the 
cascade of electron stealing which were caused by the 
superoxide radicals, and then alleviate the damage to the 
cell. Superoxide radicals are converted by superoxide 
dismutase to less toxic hydrogen peroxide which is further 
processed to form non-toxic water by either glutathione 
peroxidase or catalase. In this study, the antioxidant status 
of weaning piglet was evaluated through measuring these 
enzymes in serum. At the end of the experiment phase, the 
superoxide dismutase and glutathione peroxidase in the 
serum of pigs fed Lactobacillus plantarum ZLPOOl was 
significantly higher (p<0.01) than for pigs fed the antibiotic 
diet and basal diet, which consisted with the studies by 
Wang et al. (2009) on growing-finishing pigs using Lact. 
fermentum. There was no significant difference (p>0.05) 
among three treatments on catalase concentration in the 
serum in this study. The serum catalase levels were 17.4% 
higher for piglets fed Lactobacillus plantarum ZLPOOl than 
for piglets fed the negative control. The high activities of 



these enzymes will decrease the concentrations of oxygen 
radicals in body, thereby alleviating the oxidative damage to 
living organisms. Furthermore, malondialdehyde is also one 
of the most frequently used indicators of oxidative stress in 
an organism (Janero, 1990; Nielsen et al., 1997). Cellular 
biomembranes are one of the major targets of reactive 
oxygen species, where they induce lipid peroxidation 
resulting in the production of malondialdehyde, while 
malondialdehyde can react with biomolecules and exert 
cytotoxic and genotoxic effects (Ardestani and 
Yazdanparast, 2007). In this study, it was observed that 
malondialdehyde levels in serum of weaning piglets were 
significantly reduced (p<0.05) for piglets fed Lactobacillus 
plantarum ZLPOOl compared with the basal diet. These 
results demonstrated that there was improvement in the 
antioxidant defence system for weaning piglets fed 
Lactobacillus plantarum ZLPOOl. 

CONCLUSION 

The results of om study suggest the antioxidative 
potential of Lactobacillus plantarum ZLPOOl. The strain 
used in the present study exhibited significant in vitro free 
radical- scavenging capacity, which was dose dependent. 
Supplementation in the diet improved the growth 
performance and antioxidant status of pigs as exhibited by 
improved feed conversion ratio and increased antioxidant 
enzymes, and decreased malondialdehyde concentration in 
the serum. This study suggests that Lactobacillus plantarum 
ZLPOOl is a highly antioxidative bacterial strain, which 
could be used in the future to alleviate oxidative stress and 
thereby increase growth performance. However, the exact 
mechanism through which Lactobacillus plantarum may 
play an important role in scavenging of free radical remains 
uncertain and further research is also needed to fully 
determine the exact antioxidative mechanism of this strain 
through which the antioxidative effects are achieved. 
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